HSCR (Hirschsprung's disease) is a serious congenital defect, and the aetiology of it remains unclear. Many studies have highlighted the significant roles of intronic miRNAs and their host genes in various disease, few was mentioned in HSCR although.
| INTRODUCTION
To form a complete functional enteric nervous system (ENS), the normal migration, proliferation and survival of neural crest cells within the gastrointestinal trac were required from the fifth to 12th week of embryonic stage. Any event that can disrupt these mentioned processes may cause Hirschsprung's disease (HSCR), 1 which is regarded as a serious congenital disease with postponement of meconium, abdominal distention and so on. 2, 3 In Asia, the morbidity rat of HSCR is up to 2.8:10 000 that is much higher than other continents, such as Europe; and the gender ratio is around 4:1 (male: female) worldwide. 4 As well-known, the specific pathogeny of HSCR
is not yet clear, but some studies have proved that the occurrence and development of HSCR is the consequence of the coordination of genetic and environmental factors. 4, 5 On account of it is a congenital defect, genetic factors may play a more important role in its pathogeny; thus, it is very necessary to explore the mechanisms of HSCR from the gene aspect.
MicroRNAs (miRNAs) are endogenous small non-coding RNAs
with the length of about 22nt which could enhance mRNA Zhengke Zhi, Hairong Zhu and Xiaofeng Lv contributed equally to this work
----------------------------------------------------------------------------------------------------------------------------------------------------------------------degradation or translational repression via binding to 3′-UTR regions
of target mRNAs, 6, 7 and the diverse roles of miRNAs in malignant tumours have been studied well. In multiple myeloma, miR-221 could cause the drug resistance by abating the expression level of its target gene PUMA. 8 In gallbladder cancer, miR-130a mediated the oncogenic activity of HOTAIR because of HOTAIR harbours a miRNA-130a binding site so HOTAIR could negatively regulated it. 9 However, the dysregulation of miRNAs in HSCR 10, 11 has not been stated thoroughly to date. Benefiting from the microarray of miRNAs which was performed in our previous study, 12 IGF2 (Insulin-like growth factor 2) is a common poly-peptide produced majorly by liver and it is well-known as an important regulator of bodyweight and lipid metabolism. 13 However, more and more studies have reported that IGF2 can also influence the cell survival, growth and proliferation, 14 and the aberrant IGF2 expression is associated with the characteristic of many cancers just like high mortality of breast tumour 15 and poor prognosis of oesophageal cancer. 16 What's more, IGF2 plays a great role during the growth of embryonic period. 17 HSCR is a congenital disease occurred in the embryonic period as well. Consistent with miR-483-3p, IGF2 was also down-regulated in HSCR tested via qRT-PCR and it enhanced us to reveal whether the dysregulation of IGF2 has some influences on the occurrence or development of congenital megacolon or not.
In general, 33 per cent of mammalian miRNAs appear to reside within the introns of protein-coding genes now,termed as intronic miRNAs. 18 Most of the intronic miRNAs are transcribed from the same initial transcripts and have a tight relationship with the expression of their host genes by the forecast of bioinformatics analyses. 19 In addition, some miRNAs are surprisingly able to regulate their host genes in turn, for example, miR-301 can cut down the expression of its host gene ska2 by miR-301 inhibitor. 20 The same situation occurs between IGF2 and miR-483-5p (the other IGF2 intronic miRNA) as well. 21 In addition, some studies proved that they may cooperate to exert function, just like miR-33 and its host gene SREBP which could work together to control Cholesterol Homeostasis. 22 Relying on the unique regulatory relationship between miR-483-3p
and IGF2, it made us to explore the potential functional mechanism of them in HSCR.
According to the website prediction, FHL1 (Four and a half LIM domains 1), a potential target gene of miR-483-3p got our great attention which was up-regulated in HSCR confirmed by qRT-PCR. FHL1 was reported to take part in skeletal and cardiac muscle growth initially. 23, 24 Except the role of it in skeletal and cardiac muscle growth, FHL1 has also been regarded as a tumour suppressor in some cancers recently, like in lung cancer 25 and gastric cancer 26 because of its effects on cell migration and proliferation. However, the role of it in HSCR is still poorly understood. 
| Western blot
Using a RIPA buffer (Beyotime, Nantong, China), the tissue samples and cells were lysed to extract the proteins. In the next step, protein concentration was examined with BCA method (Beyotime). Equal amount of the proteins were loaded in 12% SDS-PAGE for electrophoretic separation and then transferred to PVDF membrane (Roche Germany). Later, the primary antibodies were applied for incubation at 4°C overnight after the PVDF membranes containing proteins were blocked in 5% skimmed milk for 60 minutes.1 × TBST buffer was used to wash the membranes (three times); subsequently, the membranes were incubated with secondary antibodies (Beyotime) for about 60 minutes at room temperature.
| Cell culture and cell transfection
Human 293T and SH-SY5Y cell lines were purchased from Ameri- 
| Cell transwell assays
Transwell assay was applied to measure the ability of cell migration 
| Cell proliferation analysis
Cells were added in 96-well plates, and then, CCK8 assay (Beyotime) was carried out to assess the ability of cell growth through measuring the absorbance at the wavelength of 450 nm by the TECAN infinite M200 Multimode microplate reader (Tecan, Mechelen, Belgium). All data were gained from three independent experiments. 
| Flow cytometry analysis

| Luciferase assay
The 3′-UTR sequences of FHL1 containing the miR-483-3p binding fragments and mutated 3′-UTR sequences were cloned into 
| IGF2, the host gene of miR-483-3p
By bioinformatics analysis, we found that miR-483-3p resides in the intron 2 of its host gene IGF2 (at chromosome 11p15.5). On account of their relationship, the expression level of IGF2 in HSCR cases was also assessed. Results revealed that the protein and mRNA expression levels of IGF2 were both lower in HSCR than controls (Figure 2A ).
Whether the down-regulated IGF2 caused the parallel reduction in miR-483-3p, the regulation mechanism between IGF2 and miR-483-3p was elucidated in the next step. IGF2 siRNA was transfected into 293T and SH-SY5Y cells to weaken IGF2 expression, and then, the expression of miR-483-3p was repressed obviously at the same time ( Figure 2B ) in both cell lines. Therefore, IGF2 served as the host gene of miR-483-3p and regulated the expression of miR-483-3p.
| The influence of IGF2 on cell migration and proliferation
Considering the down-regulation of IGF2 in HSCR and its correlation with miR-483-3p, we suspected that IGF2 might take part in the pathogenesis of HSCR to a certain extent mediated by miR-483-3p.
The following experiments where cells were transfected with IGF2 siRNA or along with miR-483-3p mimics have been performed for proving our hypothesis. As the results of Transwell and CCK8 assays showed, not only migratory but also proliferative cells were reduced markedly based on the low expression of IGF2 ( Figure 2C ) and just like what we have assumed, miR-483-3p mimics reversed the function of IGF2 siRNA ( Figure 2C ). Besides, whether IGF2 could impact the cell cycle or cell apoptosis was also tested, although there was no influence on them ( Figure S1 ).
| FHL1 is a direct target gene of miR-483-3p and up-regulated in HSCR
To our knowledge, miRNAs often take part in the pathological progress through its downstream genes, so bioinformatic prediction was applied to clarify the probable target genes of miR-483- (**P < 0.05; ***P < 0.05) Absorbance at 450 nm is presented as mean ± SE (***P < 0.05; ***P < 0.05) in vitro to make it clear. Herein, we specifically used siRNA to depress the expression of FHL1. In both cell lines, after transfected with the FHL1 siRNA, the migration and proliferation capacities of cells were raised by the FHL1 siRNA compared with the negative control ( Figure 4A ). Interestingly, a phenomenon was discovered that the loss of FHL1 could partially rescue the suppressed action of miR-483-3p inhibitor on cell migration and proliferation ( Figure 4B ). The potential function of FHL1 on cell cycle and apoptosis was also detected here, but no difference was observed between the experimental group and control group ( Figure S1 ). Ultimately, these results indicated that the abnormal expression of miR-483-3p impaired the function of cell migration and proliferation via keeping the higher expression level of FHL1.
| DISCUSSION
Surgery is still the most important therapeutic method for infants who are suffering from HSCR and the definitive diagnosis of HSCR depends on histological identification of intestinal wall biopsy lesions during surgery. 27, 28 Unfortunately, despite children with HSCR have accepted surgery treatment, they are often probably accompanied with bad long-term outcomes (eg, constipation) or even Hirschsprungassociated enterocolitis (HAEC). 29 Many researches suggested that coding genes were related to HSCR mainly including RET, GDNF, EDNRB and SOX10. 30, 31 Based on our previous studies, besides these conventional coding genes, noncoding RNAs comprise miRNAs and lncRNAs also could take part in the development of HSCR. [32] [33] [34] Different from traditional therapies, gene therapies will be more accurate F I G U R E 2 IGF2 is the host gene of miR-483-3p. A,The mRNA and protein expression levels of IGF2 were lower in HSCR tissues than controls determined by qRT-PCR and Western blot. (*P < 0.05) B, The 293T and SH-SY5Y cells were transfected with IGF2 siRNA, and then, the expression of miR-483-3p was reduced in both cell lines. (***P < 0.05) C, Co-transfection of miR-483-3p mimics partially rescued the IGF2 siRNA-mediated decrease in cell migration (***P < 0.05) and proliferation (**P < 0.05). Absorbance at 450 nm was presented as mean ± SE. *means significant difference (P < .05) ZHI ET AL. . 35 In lung adenocarcinoma, miR-483-5p was regarded as a critical β-catenin-activated prometastatic miRNA and enhanced invasion and metastasis of cancer via targeting Rho GDP dissociation inhibitor alpha (RhoGDI1). 36 In another research, the ectopic expression of miR-483-5p was correlated with tumorigenesis. 37 Interestingly, this study also demonstrated that miR-483-5p could promote IGF2 transcription in turn by enhancing the RNA helicase DHX9 associated with the IGF2 transcript. For miR-483-3p, it has been reported dysregulated in multiple cancers, implying it could participate in regulating cell functions, such as growth and apoptosis. 38, 39 IGF2 expresses only from the paternal allele and displays genomic imprinting (which is regarded as an epigenetic control) in common situation. 40 So, except the roles of its intronic miRNAs, a number of studies focused on the epigenetic alterations of IGF2 which called LOI (the reactivation of the silenced allele of an imprinted gene is loss of imprinting.). LOI of IGF2 may be involved in the development of cancers because of its effects on cell proliferation and migration. Therefore, in diverse human cancers, like Wilm's tumour 41 and prostate cancer, 42 the increase in IGF2 caused by LOI has been studied a lot. 43 However, the abnormal expression of miR-483-3p and IGF2 has not been reported in HSCR. Different from those previous studies, we found the expression of IGF2 was lower in HSCR than controls, so the epigenetic changes (LOI) of IGF2 may not occur in the development of HSCR. It made us to explore its underlying mechanism in HSCR.
Here, as our data revealed that miR-483-3p and IGF2 were The firefly luciferase activity in 293T and SH-SY5Y cells after co-transfection with reporter construct and miR-483-3p mimics (***P < 0.05; **P < 0.05) F I G U R E 4 miR-483-3p effect on cell migration and proliferation was mediated by FHL1 in HSCR. A, The cell migration (***P < 0.05) and proliferation (**P < 0.05) in 293T/SH-SY5Y cell lines transfected with FHL1 siRNA were improved than controls. B, FHL1 siRNA could partly reverse cell migration (***P < 0.05) and proliferation (***P < 0.05) in 293T and SH-SY5Y cell lines transfected with miR-483-3p inhibitor. Absorbance at 450 nm was presented as mean ± SE. *means significant difference (P < .05). All results were presented as mean ± SE. *means significant difference (P < .05) influences of IGF2, miR-483-3p and FHL1 on cell cycle and apoptosis were also estimated; however, there was no difference observed in this study.
Taken together, this study revealed that miR-483-3p transcribed from IGF2 may have great contributions to the pathology of HSCR by regulating the expression of FHL1. Therefore, our study provided a new approach for understanding the pathogenesis of HSCR and might contribute to a novel approach to the therapy of HSCR in future.
Nevertheless, there were still some insufficiencies in this study owing to the lack of animal model and the difficulty of using enteric neural crest cells to perform cell function experiments. Hence, more in-depth studies are needed in future.
